Introduction
Circulating sickle cell anemia (SS)' red blood cells (RBCs) have a well recognized heterogeneity of age, morphology, volume, composition, membrane structure, and ion transport ( [1] [2] [3] . Much ofthis heterogeneity is the direct or indirect result of the intracellular polymerization of hemoglobin (Hb) S on deoxygenation. Sickling permeabilizes the cell membranes to mono-and divalent cations (2, (4) (5) (6) (7) producing secondary abnormalities of RBC ion and water contents. The ion and water shifts are mediated mostly by large-capacity K+ transporters, such as Ca2 -sensitive K channels and K:C1 carriers, which can both be directly or indirectly stimulated by increased intracellular ionized Ca2" concentration (QCa2+]j), resulting in rapid net loss of KCl and water (8) .
SS RBCs have abnormally high total calcium contents ([CaTjI) (9, 10) , which is lowest in the light, reticulocyte-rich cell fraction containing the youngest RBCs, higher in the middle-density discocyte-rich fraction, and highest in the densest RBCs, predominantly irreversibly sickled cells (ISC; reference 11 ). The elevated calcium is contained within intracellular vesicles capable of ATP-dependent Ca2" accumulation (12) (13) (14) . Despite growing evidence for its relevance in triggering SS RBC dehydration, this predicted deoxygenation-induced increase in [Ca2+]i had not yet been successfully measured ( 17) .
We recently showed (18) 
Methods
Composition of solutions. Solution A contained, in mM: KCI, 80 ; NaCl, 70; MgCl2, 0.15; Na-Hepes, pH 7.4-7.5 at 37°C, 10 , and NaOHneutralized EGTA, 0.1. Solution B was the same as solution A but without Na-EGTA. Solution C was the same as solution B but contained, in addition, 10 mM inosine. A 40 mM 45CaCl2 stock solution was prepared, with specific activity of 45Ca2+ between 8 X 106 and 6 X 107 cpm/ mol. Note that the high-K suspending media with 0.15 mM MgCl2 prevents those changes in RBC volume, ion content, and Preparation ofdensity-fractionated SS RBCs. Heparinized venous blood was obtained after informed consent from sickle cell anemia patients with established genotype, and kept at 40C for no more than 1 h before processing, to isolate RBC density fractions as previously described (22, 23) . Briefly, after centrifugation (2000 g X 10 min), plasma was removed and the packed cells were filtered through a nylon mesh (20 were added to give a final concentration of 100 ,mol/l RBCs (since most of the ionophore forms partitions in the cells' membrane [24, 25 ] (26) . Frequent 50 MI samples were taken after ionophore and Co2" additions, as indicated in the Figs. [1] [2] [3] [4] and processed for measurement of [CaT]j, as described previously (26) . Triplicate 20 ,l samples ofeach cell suspension were mixed with 1 ml Drabkin's reagent for spectrophotometric measurement of Hb as cyanmetHb.
Estimates ofcytoplasmic Ca2" buffering. These were performed on the measurements reported in Fig. 3 (oxy RBCs only), and refer to results in Table IV . The method analyzes transmembrane Ca2' equilibria induced by the divalent cation ionophore A23187, a specific M2+:2H' exchanger (27). The above concentrations of A23187 (. 100 Mtmol/l cells) mediate RBC Ca2+ fluxes far beyond those of saturated Ca2+ pumps, ensuring rapid and nearly total Ca2+ equilibration, even in substrate-fed cells (28, 29 ) (see Fig. 1 ). The ionophore-induced equilibrium is given by: Time (min) Figure 1 . Effects of deoxygenation on ionophore-induced Ca"+ equilibration and on the V. of the Ca"+ pump in four SS RBC fractions.
[CaTI] is plotted as a function of time in oxy and deoxy conditions.
A23187 was added at time 0, and Co"+ at 2 min. V values were obtained as the initial Ca2' effluxes after Co'2 addition, from the slopes of first order regression lines through those experimental points (see lines). All correlation coefficients were > 0.9. This experiment corresponds to donor 3 in Table I. among the different RBC fractions from the same donor; there was no consistent pattern in this variation, except for a tendency to lower values in the ISC-rich cell fraction than in the discocyte fraction of the same donor (Table I) ; (e) deoxygenation of SS density fractions from four donors resulted in a modest reduction in Ca24 pump V., which was significant for the reticulocyte-rich fraction and discocyte fractions, but inconsistent in the dense SS cells (Table I) The results of this analysis indicated that several kinetic models of the pump fitted the oxy curve well. Those kinetics could be loosely grouped in two broad categories, low Ca2+-affinity, low cooperativity models with n < 2 and Km 2 1 AM (LA, dotted lines), and high Ca2"-affinity, high cooperativity models with n 2.5-3.5 and Km (1) where XL and Op are Ca2+ leak and pump fluxes, respectively. L was assumed to be constant, but was allowed to fluctuate ±20% about its measured value (Table III, donor 2) during model fitting (Fig. 4) . qp was of the form: in pump Vmax was needed for the LA pump models, and a mild (20 to 50%) decrease in Vma, for the HA pump models (Fig. 4) . (Figs. 1-3 and Table I ). However, the scatter of the experimental points buffering, but would also be affected by differences in cell volume and proton ratios. Each of these factors was considered in the analysis of the data in Fig. 3 (oxy conditions) shown in Tables IV and V suggest that within each SS blood sample, the Ca2" binding capacity of the reticulocytes exceeds those of the more mature discocytes and of the dense cells. Since the ionophore permea- Fig. 3 . Table IV . RI, R2, D, and ISC refer to the density fractions described in the text. For the purposes of this analysis, both reticulocyte-rich density fractions, RI and R2, are listed together under column R. The paired differences between a values of different fractions from the same sample are shown (columns D-R, ISC-R, and ISC-D) and the significance of the differences tested using a paired t statistic.
bilizes the membranes of organelles and endocytic vesicles as well as cells, we cannot distinguish between the contribution of cytosolic and organelle components to the higher Ca2" binding of the reticulocyte-rich SS cell fractions. Previous findings that the dense ISC-rich fractions of SS RBCs have relatively low concentrations of 2,3-diphosphoglyceric acid (2,3-DPG; reference 7), the main organic phosphate buffer ofCa2 , may help explain the relatively low Ca2+ buffering (high a) observed in this cell fraction.
Effects of deoxygenation on cytoplasmic Ca2" buffering. For all density fractions ofSS RBCs, ( [CaT]i)E was lower in the deoxy than in the oxy suspensions (Figs. 1-3) . A similar observation in AA RBCs ( 18) was explained by changes in both the proton ratio (r), which determines the equilibrium partition of [Ca2+ ]1 and [Ca2+]i, and in the ionized fraction of cell calcium, a, which reflects Ca2' buffering. The change in r on RBC deoxygenation can be calculated from measurements of cell and medium pH. For instance, from the pH values in Table II (for fraction R2, donor EM): For the same fraction and donor in the experiment of Fig. 3 , a (calculated as described in Methods) was 0.099 in oxy (Table  IV) and 0.13 in deoxy conditions. Similar differences were obtained with other SS RBC density fractions (not shown 
